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Htle of the Invention: 

THDSr FILM SIUCON TRANSISTOR 
What is claimed is: 

1. When a thin film silicon transistor is formed on a transparent substrate, a 
thin film silicon transistor characterized in that said thin film silicon transistor is formed 
through an insulating film on said transparent substrate. 

2. A thin film silicon transistor according to claim 1, wherein said insulating 
film formed on said transparent substrate comprises a single layer or a multiple layer of an 
insulating film(s) of a CVD oxide film phosphosilicate glass, a nitride film, or the like. 

3. A thin film silicon transistor according to claim 1, wherein said insulating 
film formed on said transparent substrate has a different purity and a different composition 
from those of said transparent substrate. 

Detailed Description of the Invention: 

This invention relates to polycrystalline silicon or amoiphous silicon thin film silicon 
transistors formed on a transparent substrate such as a quartz sheet, a soda glass sheet, a 
borosilicate glass sheet, or the like. Computer-associated apparatuses have made a 
remarkable progress in recent years in the so-called "computerized society". With this trend, 
planar displays that will substitute the conventional CRT as a display device have been 
developed vigorously. Among the planar displays, those displays which use a liquid crystal 
have particularly gained a wide application for not only timepieces and calculators but also 
for home electric/electronic appliances and car instrumental panels because they can lower 
power consumption and an operating voltage, and are easy to watch as a light reception type. 
A system that drives the liquid crystal by an active matrix of thin film transistors has been 
examined and has drawn an increasing attention at present as an economical planar display 
that will replace the CRT. 

This system is a display panel for displaying images. It disposes switching thin film 
transistor circuits in matrix on a transparent substrate and a liquid crystal is interposed 
between this substrate and another transparent glass sheet. 

Fig. 1 shows the construction of an ordinary thin film silicon transistor that has been 
conventioncdly reported. First, each thin film silicon 2 such as polycrystalline silicon or 
amorphous silicon is formed on a transparent substrate 1, and is then photo-etched in such a 
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manner as to remove unnecessary thin film while leaving only transistor formation regions. 

Next, an oxide film 3 is formed on the thin film silicon surface by a thermal 
oxidation process or a CVD process. Thin film silicon for a gate electrode is then deposited 
to this oxide film, and the gate electrode is formed by photo-etching. A method that directly 
deposits thin film silicon containing an impurity is employed to form the gate electrode, or a 
method that thermally diffuses the impurity after the deposition is employed to lower a wiring 
resistance. 

Ion implantation is then conducted with the gate electrode as a mask to form a 
source/drain region. An insulating film 4 is deposited subsequently over the main plane of 
the substrate. 

After contact holes are formed by photo-etching, metal wires 5 are formed. 

As described above, the ordinary production method of the thin film transistors 
according to the prior art uses an insulating substrate such as a quartz sheet or glass as the 
transparent substrate. Therefore, the thin film silicon for forming the transistors is directly 
formed on the main plane of the substrate. 

However, abrasive particles such as alumina powder or cerium oxide used for surface 
polishing of the transparent substrate adhere to surface corrugations such as polishing 
scratches. Moreover, since glass substrates other than the quartz sheet contain various 
mobile ions such as sodium ions and metal ions such as iron ions and copper ions, it is 
impossible to completely remove the contaminants even when an ordinary washing process is 
applied to the surface of the transparent substrate. In consequence, these impurities invade 
the thin film silicon during numerous heat treatment processes for fabricating the thin film 
transistors on the transparent substrate, exert adverse influences on TFT performance, invite 
the drop of the initial yield such as the drop of the ON current or an abnormal increase of the 
OFF current, and render the problem of long-term reliability of the display apparatus. 

Another problem in the transparent substrate having a low impurity is the surface 
leak of the substrate caused by the impurities. 

The present invention is therefore directed to eliminate the problems of the prior art 
described above, and to make it possible to produce thin film transistors having high 
reliability. Hereinafter, the present invention will be explained with reference to Examples 
thereof. 
Example 1: 

Fig. 2 shows an embodiment wherein thin film silicon transistors are formed over a 
transparent substrate of the present invention through an insulating film 6. 

After the transparent substrate (using soda glass) 7 is sufficiently cleansed, an oxide 
film 6 is formed to a thickness of 5,000 A by a CVD process. A polycrystalline silicon film 
8 is formed to a thickness of 3,000 A on this CVD oxide film 6, and is etched away by 
photo-etching in such a manner as to leave transistor formation regions. 

Next, a gate oxide film 9 is deposited to a thickness of 2,000 A on the polycrystalline 
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silicon film by the CVD process, and then P-doped polycrystalline silicon for a gate electrode 
is deposited. The gate electrode is formed by photo-etching. 

Next, phosphorus ions are ion-implanted in a high concentration with the gate 
electrode as a mask. 

After an oxide film is deposited to a thickness of 5,000 A by the CVD process over 
the main plane of the transparent substrate inclusive of the transistor portions having the 
source/drain thus formed, contacts are opened at the source/drain portions by photo-etching. 

An aluminum-silicon alloy as a metal wire material is sputtered to the main plane of 
the substrate and the metal wires 10 are formed by photo-etching. 

When the thin film silicon transistors are formed over the transparent substrate as 
described above, the method of the present invention first forms the CVD oxide film having a 
high purity and moreover, having a composition different from that of the transparent 
substrate, and then fabricates the thin film silicon transistors. Therefore, the present 
invention can prevent invasion of the contaminants in the substrate and can also prevent the 
surface leak due to the impurities on the surface of the substrate. Therefore, the present 
invention provides great effects for stabilizing initial TFT performance, in particular. 

Incidentally, the effect for stabilizing transistor performance can also be acquired 
when the thin film silicon transistors (polycrystalline silicon and amorphous silicon 
transistors) are formed on a borosilicate glass substrate or other transparent substrates besides 
the soda glass substrate described above by the same method as the method of Example 1. 
Example 2: 

After a transparent substrate 7' is sufficiently cleansed, about 5 mol of 
phosphosilicate glass is deposited to a thickness of 5,000 A onto a main plane of the substrate 
by the CVD process using phosphine gas, and then a polycrystalline silicon film 8' is formed 
to a thickness of 3,000 A. The subsequent process steps are the same as those of Example 1. 

Since phosphosilicate glass is used as the insulating film, the effect as a passivation 
film becomes greater than in Example 1 due to the gettering operation of phosphorus. This 
example can acquire the great effects not only in the stabilization of initial TFT performance 
but also in long-term stability. 
Example 3: 

After a transparent substrate 7" is sufficiently cleansed, a nitride film is deposited to 
the substrate to a thickness of 2,000 A using a 1% monosilane gas and an N2 gas with an 
argon gas as the base inside a plasma nitride film formation fumace at about 350° C. A 
polycrystalline silicon film 8" is then formed, and thin film transistors are formed 
subsequently by the same process steps as those of Example 1. 

The nitride film is formed in plasma by using the monosilane g£is, and a compact film 
inherent to the nitride film can be formed at a low temperature. Therefore, this means is 
extremely effective for preventing invasion of the contaminants, and the effects analogous or 
superior to the effects of Examples 1 and 2 can be acquired. 
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To form the insulating film on the transparent substrate in Examples 1 through 3, a 
method that applies by spin coating a liquid coating agent, that is known as a silica diffusion 
coating agent, and then heats it aroimd 400'' C, and another method that applies a liquid 
polyimide resin by spin coating to form the insulating film, have been attempted. These 
methods provide the effect for stabilizing performance, respectively. 
Example 4: 

Another embodiment of the present invention for fabricating an active matrix by 
using the thin film silicon transistors of the invention will be explained. 

After an oxide film 12 is deposited by the CVD process to an upper layer of a 
transparent substrate 11 as shown in Fig. 3, a polycrystalline silicon film 13 is deposited. 
The polycrystalline silicon film is etched away by photo-etching in such a manner as to leave 
transistor portions. 

Next, a gate oxide film 14 is formed on the upper layer of the polycrystalline silicon 
film by the CVD process, and a P-doped polycrystalline silicon film 15 for forming a gate 
electrode is formed. A gate wire portion is then formed by photo-etching. 

Then, high concentration phosphorus is injected by ion implantation to form a 
source/drain portion. 

Next an oxide film 14 is deposited by CVD process, and contact holes are opened on 
the main plane of substrate by photo-etching. 

Next, a transparent conductive film is sputtered to a thickness of about 500 A over 
the main plane of the substrate, and after photo-etching is conducted, a transparent electrode 
17 is formed. Next, an aluminum-silicon alloy for metal wires is sputtered, and 
photo-etching is then conducted to form the metal wire 18 for only the source line. 

Incidentally, the insulating film formed on the transparent substrate comprises a 
single layer in all the foregoing Examples. However, a two-layered insulating film formed 
by first forming phosphosilicate glass and then forming continuously a non-doped oxide film 
provides naturally a greater passivation effect of the impurities. It has been confirmed that a 
further greater effect can be obtained by the use of a three-layered system in which non-doped 
oxide films sandwich phosphosilicate glass between them. 

TFT performance of the thin film silicon transistors is stable on the active matrix 
substrate comprising the thin film silicon transistors formed by the methods described above, 
and an ON/OFF ratio of the signal current is not less than 10"^. Moreover, the display 
characteristics are excellent in the evaluation by the liquid crystal display panel using the 
active matrix substrate. In compzuison with the display panel produced by the conventional 
system, the surface leak does not at all occur, and remarkable differences can be observed in 
dark-and-bright non-uniformity, display non-uniformity depending on environmental 
positions, the occurrence of defects, and so forth. Therefore, the present invention can be 
said as providing great contributions to stabilization of the thin film silicon transistors and to 
the improvement of long-term reliability. 
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Brief Description of the Drawings: 

Fig. 1 is a sectional view showing the sectional structure of a thin film silicon 
transistor formed on a transparent substrate according to the conventional production method; 

Fig. 2 is a sectional view showing the sectional structure of a thin film silicon 
transistor formed on a transparent substrate according to the present invention; and 

Fig. 3 is a sectional view showing a sectional structure of a part of an active matrix 
substrate fabricated when the thin film transistors according to the present invention are 
formed in matrix on a transparent substrate. 
1: transparent substrate 
2: thin film silicon 
3: oxide film 
4: insulating film 
5: metal wire 
6: insulating film (oxide film) 
7, 1\ 7": transparent substrate 

8, 8% 8": polycrystalline silicon film 

9: gate oxide film 
10: metal wire 
11: transparent substrate 
12: oxide film 
15: polycrystalline silicon film 
14: gate oxide film 
15: polycrystalline silicon film 
16: oxide film 
17: transparent electrode 
18: metal wire 
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PROCEDURAL AMENDMENT (Voluntary) 

October 30, 1986 

To: Director-General of Patent OflHce 

1. Identification of the Case: 

Patent Application No. 57-47976 

2. Title of the Invention: 

UQUID CRYSTAL DISPLAY DEVICE 
3- Amending Party: 

Relation with the Case: 

Patent Applicant: 

(236) Seiko Epson K. K. 

2-4-1, Nishi-Shinjuku, Shinjuku-ku, Tokyo, 

Ichiro Hattori, Managing Director 

4. Agent: 

(4664) Tsutomu Mogami, Patent Attorney 
Mogami Patent Office, do Hattori Seiko, 2-6-21, Kyobashi, 
Chuo-ku, Tokyo 

Tel. 563-2111, Ext. 631-7, Mr. Hayashi 

5. Number of Inventions Increased by Amendment: zero (0) 

6. Object of Amendment: Specification 

7. Content of Amendment: As per attached sheet 

Name and address were hanged on November 14, 1985 (collective) 

PROCEDURAL AMENDMENT 

1. Title of the Invention is amended to read as follows: 

"LIQUID CRYSTAL DISPLAY DEVICE" 

2. Scope of Claim for Patent is amended to read as per attached sheet. 

3. Insert the following description after page 10, 17^ line of the specification: 

"As described above, the present invention provides the liquid crystal 
display device having the construction wherein the liquid crystal is sealed between a 
pair of transparent substrates, the insulating film is formed on the transparent 
substrates, a plurality of thin film transistors are connected- on the insulating thin 
film , the pixel electrodes are connected to the thin film transistors and disposed in 
matrix, and the orientation film is formed on the pixel electrodes. Therefore, 
dissolution of the impurities contained in the transparent substrate can be blocked 
completely. Since long-term stability of the thin film transistors can be insured 
without deterioration of their performance, the present invention can drastically 
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improve long-term reliability of the liquid crystal display device. 

Amended Scope of Claim for Patent: 

A liquid crystal display device characterized in that a liquid crystal is sealed 
between a pair of transparent substrates, an insulating film is formed on said transparent 
substrates, a plurality of thin film transistors, pixel electrodes connected to said thin film 
transistors and arranged in matrix and an orientation film deposited on each of said pixel 
electrodes are disposed over said insulating film. 
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